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LIST OF SThBOLS

u’ root—mean—square value of longitudinal component of velocity
fluctuation

v ’ root—mean—square value of component of velocity fl uctuation
lateral to the mean flow direc t ion

root—mean—square value of component of velocity fluctuation
vertical to mean flow direction

U mean velocity of flow approaching model

x ax ial dis tance downs tream from nose face

x axial distance downstream from nose face at which transition
begins

y nose radius at position x

R maximum nose radius

P surface static pressure

static pressure in flow approaching model

total press ure from surface tube

air dens ity

q free—s tream dynamic pressure

pressure coeff ic ient , (P —

n f req uency

F(n) normalized spectral function
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EXPERIMENTAL STUDY OF TRANSITION ON BLUNT BODIES
(PART I)

G. Christoph 1 and K. D. Tidstrom

ABSTRACT

Experimental results are presented for the effects of
Reynolds number and angle—of—a ttack on the static pressure
distribut ion and the location of laminar to turbulent trans-
ition for the flow over several blunt noseforms; comparisons
are made with analytical methods.

1. INTRODUCTION

It was the purpose of this experiment to gain further knowledge of the
fl ow processes over blunt—nosed bodies of revolution . An experimental program
was outlined which was intended to discern the effects of Reynolds number ,
background turbulence , and angle—of—attack on transition for several blunt
noseforms . It was felt that the program objectives would be accomplished by
taking the following data:

1. Static pressure profiles.
2. Dependence of transition region on Reynolds number , fr ees tream

turbulence , and angle—of—attack.
3. Relative spectral content of disturbances , at a fixed position

from the surface for before , during, and end of transition .
4. Spatial uniformity of transition around noses.

Relat ing analytics and the above data would allow for an accurate prediction
of the loca tion of trans ition on blunt axisynunetric bodies , and would serve
as a starting point for modeling transition as a noise source.

The transition results presented in this report , except for the effect
of free—stream turbulence , are for two different blunt—nosed bodies of
revolution identified as A and B. A subsequent report will present data
on transition for the blunt—nose body of revolution identified as W , as
well as data on the effect of free—stream turbulence on body B.

2.  NBS WIND TUNNEL

The NBS wind tunnel used for this experiment is a closed circuit , low
turbulence tunnel. The test section has a 1.22 x 1.52 meters cross—section ,

‘Previously at Naval Undersea Systems Center , Newpor t , RI; presently at
Sun Sh ip, Ches ter , PA.



and b.i.s a maximum air speed of 76 m/sec .

A hem t spherical flO5e Pt t o t — s t a t  ic t ube  was used to  make I ongi  t ud i n , , I
~~~~~~~ Pr~~~ ure and velocity measurements in the test s ect i on  of t he  w i n d
t unnel. The blunt—nosed body was positioned in the test section In a
region where the longitudinal pressure gradient was approximately zero .
In this region , the veloci ty did not vary by more than 0.7 percent across
the tunnel.

The turbulence l evel of the wind tunnel was measured by constant
current hot—wire anemometry using a special vibration isolation mount .
The root—mean—square values of the longitudinal and transverse components
of the turbulent fluctuations , u ’, v ’ and w ’, respectively, as a function
of air speed are shown in figure 1. Such low values of free—stream turbu-
lence are exemp lary for wind tunnel studies of transition [1 ,21 .2

Noise measurements of the NBS wind tunnel were made with a General
Radio type 1560P5 microphone 3 wh ich was fed to a General Radio type 1551-C
sound level meter. The microphone was mounted through a hole in the wall
of the wind tunne l in such a manner that the face of the microphone was
parallel to the tunne l yall . In addition , ~. wind screen was plac ed over
the microphone face and flush with the tunne l wall.

The noise data were collected on tape at NBS for various air speeds
and two angles—of—attack (0° and +3°) of the model. The one—third octave
spectra were obtained at the Naval Undersea Systems Center (NUSC) by play-
ing back the rec orded signals to a General Radio type 152 1 , real ti me ,
one—third octave analyzer. Figure 2 gives the sound pre ssure level versus
frequency for several air speeds with the model at 0° angle—of—attack.
No noticeable differences were obtained in the sound press ure levels
when the model was at 3° angle—of—a ttack.

3. TEST MODELS

lhree aluminum , fl at—faced axisynvuetric models , 20.32 cm in diameter ,
were machined at NUSC, Newport. The models are about 30 cm long, and
screw into a long cylinder , 20.32 cm in diameter and 1.5 m long. The
assembled configuration is held by a sting and mounted to the tunnel
fl oor as shown in figure 3. Each model has 24—30 pressure taps placed
so as to provide static pressure measurements from the stagnation region
t(J an x/R = 1.8, where x is the longitudinal distance from the nose , and
k is the radius of the cylinder. Pressure taps were also provided to
al ign model at zero angle—of—a ttack. On Model A , excep t for the align-
men t taps , all pressure taps were loca ted along the top genera tor along
the plane of symmetry. The pressure taps on Model B were located as for
Model A except that additional taps were located near the nose at genera-
tors 90° apart and so spaced longitudinally as to give a greater density

‘Figures in brackets represent literature references at the end of this
paper.

3Brand names of equipment are used solely to provide a reference for
performance characteristics and do not represent an endorsement .
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of measurement . The three models are designated A , B, and W. As seen from
f igure 4 , all model contours are quite similar , but as seen from figure 5,
the theoretical static pressure distributions are markedly different. Mode l
A has a broad pressure minimum , Model B has a sharper pressure min imum , and
Model W has two pressure minima . The pressure distribution curves shown
in figure 5 were generated by the Douglas—Neumann potential flow computer
program (developed by the Douglas Aircraft Company).

4. MEASURED STATIC PRESSURE DISTRIBUTIONS

Plastic tubing connec ted the press ure taps on the model to a scanivalve
mounted inside the model. A single tube connected the scanivalve to an in-
clined manometer. A hemispherical nose Pitot—static tube with a right—ang le—
stem was used to obtain the reference static pressure at a position about
0.5 meters downstream from the flat face of the models. Measured pressure
distributions at a speed of 38 rn/sec are compared in figures 6 and 7 to the
theore tical dis tribut ions for Model A at 0° angle—of—attack and for Model
B at —3° , 0° , and +30 angle—of—attack . Measurements at a +3° angle—of—
attack correspond to measurements on the leeward side of the model. The
agreement is very good . Pressure distributions were also measured at a
speed ol 16 rn/sec for Model A , and at speeds of 58 rn/sec and 76 rn/sec for
Model B. These pressure distributions , within the experimental accuracy
were essentially identical to those shown in figures 6 and 7. The small
differences observed between the theoretical and experimental pressure
distributions may be due to the possibility that the coordinates of the
machined models are not precisely the coordinates that were initially
speci f ied and very slight differences in the computer input coordinates
will affect the theoretical predic tions. Another possible reason may be
the effect that the boundary layers on the wind tunnel walls have on the
model pressure distribution. It should be noted that the theoretical cal-
culations do not account for boundary layer growth .

5. LOCATING TRANSITION

Inasmuch as the detection of transition generally requires some judgment
in interpretation , it was desirable to use several methods in order to assess
the accuracy in locating transition . Hot—wire anemometry and a total—head
surface tube were both used to detect transition . The hot—wire probe was
constructed of two needles cemented to a lucite sled . The sled was 1.59 cm
long, 1.11 cm wide , and 0.32 cm thick . A platinum wire , 1.27 i~m in diameter
and 0.058 cm long was attached across the tips of the needles. Spring tension
held the sled against the model nose , and the distance of the wire above the
surface was adjusted by repositioning the needles. Usually, the distance
above the surface was 0.025 cm. The hot—wire probe and sled are shown in
figure 8. The total—head surface tube consisted of a nickel tube , 1 mm
outside diame ter , flattened at the end to form a 0.0127 cm opening. A
static tube , also made of 1 mm nickel tubing was mounted 0.635 cm from the
surface tube. The surface tube arrangement is shown in figure 

9.3



L o c a t i n g  t r a n s i t i o n  by observing and i n t e r p r e t i n g  th e  h o t — w l r t  si gna l
d i s p l a y e d  on an oscilloscope proved to be very d i f f i c u l t .  The l amina r
boundary layer oscillation frequencies (in the adverse pressure gradient
region) were found to have very high frequencies and were difficult to
d i s t i n g u i s h  from the frequencies in the transit ion zone . The narrow e x t e n t
of the transition region (only 3 to 6 centimeters) further complicated the
situation. It was obvious when the boundary layer was fully laminar and
when the boundary layer was fully turbulent , but the location of the
transition from laminar to turbulent flow was not obvious. By fil tering
out the lower frequencies , the interpretation was somewhat easier. Figur e
10 disp lays oscillograms i l lus t ra t ing  the presence of laminar boundary
layer oscillations and the transition from laminar to turbulent flow on
Model B f o r  an air speed of 38 rn/ sec . The signal amp l i tudes  in f igu re  9
were adjusted fo r  i l l u s t r a t ion  and bear no re lat ion to ac tua l  amp l i t udes .

Another method used to locate t ransi t ion was to measure the spect ra
of v e l o c i t y  f l u c t u a t i o n s  in the boundary layer .  Spectra i l l u s t r a t i v e  of
the spectral  behavior of velocity f luc tua t ions  associated wi th  t r a n s i t i o n
are shown In figures 11—14 for Model B at an air speed of 58 rn/sec and a
0° a n g l e — o f — a t t a c k .  The measurements shown were made in the boundary layer
at 0.025 cm f rom the sur face , and are presented in terms of the spectral
f u n c t i o n , F ( n ) ,  the energy per un i t  cycle at  f r e q u e n c y ,  n , normal ized  w i t h
the t o t a l  energy . The f low character ized by the spectrum at x /R  = 1.71
is regarded as s t i l l  being laminar wi th  the peaked behavior of the spec t rum
ind ica t i ng  the presence of laminar boundary layer osc i l lat ions  as in the
osc i l lograms of f i gure 10. The laminar boundary layer osc i l la t ions  are a
produc t of the experimental  environment coupled to the i n s t ab i l i t y  process
and more than one peak in the spectrum can occur , p a r t i c u l a r l y  in an
adverse pressure gradient. For example , the frequencies of the laminar
boundary layer oscillations increase with speed and at 76 rn/sec the
dominant frequency in the spectrum just before transition is 6200 Hz.
At 38 rn/sec there are two dominant peaks in the spectrum , 1800 Hz and
2150 Hz , at the beginning of transition . At 76 rn/sec it was observed
that  the spectral content of the laminar boundary layer osc i l la t ions
also varies w i t h  ang l e—of—at t ack  wi th  higher f requencies  occur r ing  in the
more severe pressure gradient . This was not evident at the lower speed
of 38 rn/se c .  Wi th in  the transit ion region the spectral content  broadens
to include more energy at lower and higher frequenc ies and at x/R 2.34
the flow is fully turbulent as characterized by the continuous spectrum
shown in f igure 14. It is the initial broadening of the spectrum which
is considered to be indicative of the onset of transition , and for the
case shown the onset of transition appears to be at x/R 1.84.

The s u r f a c e  tube method of de tec t ing  t r a n s i t i o n  is i l lu s t r a t e d  in
f i g u r e  i S  in which r e s u l t s  at three  a i r  speeds for  Model B , at a +3 °
a n g l e — o f — a t t a c k , are shown . It is seen that  for a f ixed  posi t ion above
the model su r face , the velocity decreases in the laminar region , increases
rap idly through the transition region , and then decreases , once aga in , due
to the growing layer in the turbulent region . There was no direct evidence
of a strong steady separation . However, the possibility of a transition
associated with an intermittent separation cannot be ruled out . In order4



o d e t e r m i n e  w h e t h e r  t he  l at  ter  does Indeed occur , a more vxtt~ns I vt. ci t o rt
would be r e q u i r e d .

Al l three of the above methods were used to locate transition htit not
all three were used for each test condition . The results obtained together
with the method of detecting transition are given in tables La and lb. It
is seen from tests made under the same conditions with different methods of
de tection that the location of transition was reasonably well—determined to
within ± 0.lR. It should be noted that of the three methods the surface
tube was felt to be the most convenient and easiest to interpret. The
transition location for Models A and B for various wind speeds and at a
00 angle—of—attack were also calculated by the Mangler transf ormed Miehel
method [31. The results of these calculations are presented in tables 2a
and 2b.

In order to assess the spatial uniformity of transition , total—head
surface tube measurements were made for Model B at the 90° (top) and 1800
(side) positions , as one views the model from the front. These measurements
were made at wind speeds of 38 rn/sec and 76 rn/sec for an angle—of—attack of
0° . The results are presented in figure 16. Transition appears to be
spatiall y uni form at the lower speed and slightly nonuniform at the hi gher
speed.

6. CONCLUSIONS

I. The measured and theoretical static pressure distributions were in
exc ellent agreement. This means that one can machine blunt nosed
models accurately enough to give a predicted pressure distribution .

2. The energy assoc iated with the laminar oscillations could be detected
well into the transition region .

3. Tr.insition on the blunt bodies under test was not as easily identifi-
able as on a flat plate , that is , sudden large jumps in the mean
velocity close to the surface associated with turbulent spots were
not observed on the blunt bodies. If the fact that the transition
region is noisier than the turbulent region on a flat plate is due
to abrupt Increases in the mean velocity, then perhaps on blunt
bodies the flow noise levels in the transition and turbulent regions
do not differ greatl y.

4. At [ow Reynolds numbers , transition was uniform around the models.
At h i gher Reynolds numbers , transition appeared to he nonuniform.
This nonuniformity has also been observed in previous work at NBS
and in flow visualization tests conducted recently at the National
Physic al Laboratory in Teddington , England , and appeared to be
associated with the formation of turbulent wedges.

5. Of all the transition prediction methods compared to the data , the
Mangler transformed Michel method was the only one which gave satis-
factory agreement.

5
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Table 1(a)

Transi tion Location on Model A

U0
(m/s) x

~
/R Angle-of-A ttack Detection Method

23 2.5 0° Oscillogr ani
30 2.2 0° Oscil logram
38 2.1 0° O s c i l l ogram
46 1.9 0° Oscil logram
76 1.8 00 Osci l l og ram

Tab le 1(b)

Transi t ion Location on Model B

U0(m/s) x
~
/R Angle-of-A ttack Detection Method

38 2.1 00 Oscillogram
38 2.1 0° Spectra
38 2.0 0° Surface-tube
38 2 .0  +10 ~~ c i l l og r a m
38 1.8 ~~30 Osc illogram
38 1.7 +30 Surface-tube
38 1.6 +3° Spectra
38 2 .2 _ l0  Osci llogram
38 2.3 ~~30 Spec tra
58 1.8 0° Spec tra
58 1.8 0° Surface-tube
58 1.1 +3° Surface- tube
76 1.3 0° Oscil logram
76 1.2 0° Spec tra
76 1.2 0° Surface-tube
76 1.2 +1° O s ci l l o g ram
76 0.6 43° Surface-tube
76 1. 7 -1° Osc i l l o g ram
76 1.9 -3° Spectra

I



Table 2 ( a )

Calcula ted Transition Location Ofl Model A

x
t/R Angle _ of-A ttack

23 2 . 2 5  0°

30 2.00 0°

38 1. 85 0°

16 1 .75 0°

76 1.52 00

Table 2(b)

calculated Transition Location Ofl Model B

(J
0

(m/ s)  x
~

/R Angle _of_A ttack

38 1.52 0°

58 1.20 0°

76 0.95 0°
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